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* NOTICES * 

JFO and NCIPZ are not responsible for any 
damages caused by the use o£ this treuislation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Silicon single crystal raising equipment characterized by the bore of a heater and the ratio of 
height which are arranged around crucible being 1 .5 or more in the silicon single crystal raising equipment 
to which a diameter manufactures a silicon single crystal 300mm or more by the CZ process. 
[Claim 2] The manufacture approach of the silicon single crystal characterized by pulling up a silicon single 
crystal so that the bore of the oxidation induction stacking-fault ring which appears in the single crystal side 
which uses silicon single crystal raising equipment according to claim 1 , and intersects perpendicularly to 
the raising direction may make it located in 93% or more of location of the diameter of a single crystal. 
[Claim 3] The silicon single crystal characterized by for the diameter of a silicon single crystal being 
300mm or more, and the bore of the oxidation induction stacking-fault ring which appears in the single 
crystal side which intersects perpendicularly to the raising direction being 93% or more of a diameter of a 
single crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the silicon single crystal 
which used the silicon single crystal raising equipment for pulling up the silicon single crystal used as a 
semiconductor material, and this equipment, and a silicon single crystal. 
[0002] 

[Description of the Prior Art] Although there is the approach of versatility [ grow up / a silicon single 
crystal ], there is the single-crystal-growth approach called the Czochrlski method (it is hereafter described 
as a CZ process) to one of them. Drawing 4 is the sectional view having shown typically the single crystal 
raising equipment used for a CZ process, and one in drawing shows crucible. 

[0003] It is supported by the support [ by which fitting of this crucible 1 was carried out to the outside of 
closed-end cylindrical shape-like crucible Imade from quartz a, and this crucible Imade from quartz a ] 
shaft 8 which closed-end cylindrical shape-like crucible Imade fi-om graphite b is similarly consisted of, and 
crucible 1 rotates at the rate of predetermined in the direction of arrow-head A in drawing. The heat 
insulating mould 7 is arranged by the outside of this crucible 1 on the resistance heating-type heater 2 and 
the outside of this heater 2 concentric circular, and it fills up with the melting liquid 3 of the single-crystal- 
silicon raw material which carried out melting at this heater 2 in crucible 1 at it. Moreover, on the medial 
axis of crucible 1 , the raising shaft 4 which consists of a raising rod or a wire is hung, and seed crystal 5 is 
attached in the point of this raising shaft 4 through holder 4a. Moreover, these members are dedicated in the 
chamber 9 of the water cooling type which can control a pressure. 

[0004] How to pull up and manufacture a single crystal 6 using the above-mentioned silicon single crystal 
raising equipment is explained. First, the inside of a chamber 9 is decompressed, and next inert gas is 
introduced, it considers as the inert gas ambient atmosphere of reduced pressure of the inside of a chamber 
9, melting of the raw material for a crystal is carried out at a heater 2 after that, it is left for a while, and the 
gas in melting liquid 3 is fiiUy emitted. 

[0005] Next, with the same axial center as the support shaft 8, pulling up to hard flow at the rate of 
predetermined, and making it rotate a shaft 4, after dropping the seed crystal 5 attached at holder 4a, making 
melting liquid 3 **** and familiarizing seed crystal 5 with melting liquid 3, a single crystal 6 is grown up 
into the lower limit of seed crystal 5, 

[0006] In the case of training of a single crystal 6, in order to form a single crystal 6 into a-less 
rearrangement first, a seed diaphragm (formation of neck 6a) is performed, and in order to obtain the single 
crystal 6 of a required diameter by body part 6c after that, shoulder section 6b is raised. ****** is performed 
in the place which became the diameter for which a single crystal 6 asks, a diameter is fixed, and body part 
6c is raised. If body part 6c is raised to predetermined die length, a till diaphragm will be performed in order 
to separate a single crystal 6 fi-om melting liquid 3 in the state of a non-rearrangement. Then, the single 
crystal 6 cut off fi-om melting liquid 3 is cooled on condition that predetermined. Thus, the silicon wafer by 
which processing manufacture was carried out fi*om the obtained single crystal 6 is used as a substrate 
ingredient of various semiconductor devices. 

[0007] In the silicon single crystal which was able to be pulled up through the process mentioned above, the 
defect called infrared scatterer (COP, FPD), a rearrangement cluster, etc. may exist. These defects were not 
newly formed in the crystal of subsequent heat treatment, are also called a grown-in defect and are already 
formed during crystal raising. 

[0008] Drawing 5 is the mimetic diagram having shown the general relation of the raising rate and the 
generating location of a crystal defect at the time of single crystal growth. As shown in drawing 5 , inside 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_webcgi_ejje 1/24/2006 
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the ring field 12 of the oxidation induction stacking fault (OSF: Oxidation-induced Stacking Fault) which is 
a kind of a heat treatment induction defect, the infrared scatterer 1 1 of the grown-in defects observed by the 
evaluation after crystal training is detected, the defect called the rearrangement cluster 14 of the grown-in 
defects to the outside of the ring field 1 2 is detected, and the defect-free field 1 3 exists in the outside close to 
the stacking-fault ring (R-OSF) 12. Moreover, if it depends for the generating field of R-OSF 12 on the 
raising rate under single crystal growth and the raising rate is enlarged, the field where R-OSF 12 appears 
moves outside from the inside of a crystal. 

[0009] OSF mentioned above It is the dislocation loop of the mold between grids produced at the time of 
heat-of-combustion processing, and when it generated and grows up to be the wafer front face which is the 
active region of a device, it becomes the cause of leakage current and becomes the defect which degrades a 
device property. For this reason, many single crystals comparatively raised at the high-speed raising rate 
from the former so that the generating location of R-OSF 12 might be distributed over the outermost 
periphery of a crystal at the time of training of a single crystal were manufactured. 

[0010] In the single crystal which distributed the location of these R-OSF 12 over the outermost periphery 
within the crystal face, although the infrared scatterer 1 1 exists inside R-OSF 12, manufacture of the wafer 
for device formation is enabled by controlling the size and consistency. Furthermore, it is the description 
that it is cheaply producible and, so, this type of wafer is used by many memory-manufacturers. 
[001 1] Moreover, the one where the property within a wafer side is more xmiform is easy for production of a 
chip, and in some by which R-OSF 12 exists in the inside field within the crystal face, since quality differs 
bordering on R-OSF 12 as described above, there is also a problem to which the manufacture yield of a 
device falls. Therefore, as for the wafer which distributed the location of R-OSF 12 over the outermost 
periphery of a crystal, current is in use. Then, various approaches are proposed in order to control the 
location of this R-OSF 12 on the outside within the crystal face, 

[0012] For example, in the patent No. 2800482 official report, raising equipment is improved, the raising 
rate of a single crystal is specified within the limits of 0.8 - 1 .Imm/min, the cooling rate of the single crystal 
itself is made late, and generation of the stacking fault inside single crystal and/or a minute defect is 
inhibited effectively, and it is R-OSF. Generating is also inhibited and the manufacture approach of the 
silicon single crystal which can also prevent the fall of an oxide-film proof-pressure property further is 
indicated. 

[0013] Moreover, it sets in a publication-number No. 157995 [ 1 1 to ] official report. It is R-OSF too. In 
order to control a generating location, the raising rate at the time of single crystal growth (V), It is R-OSF by 
controlling appropriately the ratio of inclination (G), and V/G value (mm2/** and min) whenever [ crystal 
intemal temperature / of raising shaft orientations ]. A radius can be defined almost uniquely and it is R- 
OSF. It is indicated that a generating field can be adjusted. 
[0014] 

[Problem(s) to be Solved by the Invention] However, corresponding to high integration of a semiconductor 
device in recent years, low-cost-izing, and the increase in efficiency of productivity, diameter-ization of 
macrostomia is demanded also for the silicon wafer, and, recently, manufacture of the silicon single crystal 
of the diameter of macrostomia more than the diameter of about 12 inches (300mm) is desired, for example. 
Although control of V/G value which was described above was comparatively easy and it was possible to 
have set the generating field of R-OSF 12 to the outside of the crystal face in the equipment conditions of 
arbitration when the diameter manufactured the single crystal 200mm or less like before Manufacture of the 
silicon single crystal with a diameter of 300mm or more produced the technical problem that it became 
difficult to pull up in order to make the generating field of R-OSF 12 into the outside of the crystal face, and 
to set up a rate more than constant value. 

[0015] If this is because it becomes impossible to gather a raising rate (V value) to a certain single crystal 
raising equipment (for G to be decided at this time) beyond a certain value, that is, the diameter of a single 
crystal increases Although heat release will be proportional to increase of the diameter of a single crystal 
linearly since ttie surface area of a growth single crystal increases linearly Since a single crystal core 
becomes is hard to be cooled and the maximum rate of crystal growth becomes small, it becomes impossible 
to gather a raising rate beyond a certain value, since the heat capacity of a single crystal is proportional to 
the single crystal-ized volume proportional to the square of the di2imeter of a single crystal. Since a single 
crystal becomes with diameter[ of macrostomia ]-izing of the diameter of a single crystal that it is hard to be 
cooled remarkably, when R-OSF 12 tends to be pulled up so that it may be located in the outside of the 
crystal face and it is going to gather a rate, it becomes impossible flius, to maintain the predetermined 
diameter of a single crystal. 
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[0016] that is, the single crystal which be able to be pulled up be R-OSF, although it be desirable to carry 
out the shape of a beautiful cylindrical shape as showed in drawing 6 (b). when it pulled up in order to have 
make it locate in the outside of the crystal face, and the rate be gathered, as showed in (a), winding (it be 
also call torsion) be produced in the single crystal, and it be easy to become a distorted configuration, and 
the symptom which manufacture of a wafer not only become difficult, but cause trouble to the crystal 
growth itself in a back process be saw frequently. 

[0017] this invention be R-OSF even if it be the case where it be make in view of the above-mentioned 
technical problem , and the silicon single crystal of the diameter of macrostomia be raise , it aim at offer the 
manufacture approach of the silicon single crystal which used the silicon single crystal raising equipment 
which can gather the raising rate of a single crystal so that it may come to the periphery section within the 
crystal face where a generating location intersect perpendicularly to the raising direction , and this 
equipment , and a silicon single crystal . 
[0018] 

[The means for solving a technical problem and its effectiveness] In order to attain the above-mentioned 
purpose, the silicon single crystal raising equipment concerning this invention is characterized by the bore of 
a heater and the ratio of height which are arranged around crucible being 1 .5 or more in the silicon single 
crystal raising equipment to which a diameter manufactures a silicon single crystal 300mm or more by the 
CZ process. 

[0019] According to the above-mentioned silicon single crystal raising equipment, the bore of a heater can 
be relatively large compared with height, and the radial temperature gradient of melting liquid can be 
increased. That is, increase of the radial temperature gradient of melting liquid leads to the increment in 
whenever [ supercooling / of melting liquid ], and can enlarge the rate of crystal growth by the increment in 
whenever [ this supercooling ]. Moreover, it is R-OSF, without causing a cost rise, since what is necessary is 
just to change the ratio of the bore of a heater, and height compared with conventional equipment. The good 
silicon single crystal of the diameter of macrostomia located in the periphery section within the crystal face 
where a generating location intersects perpendicularly to the raising direction can be pulled up. 
[0020] Moreover, the manufacture approach of the silicon single crystal concerning this invention uses said 
silicon single crystal raising equipment, and is characterized by pulling up a silicon single crystal so that the 
bore of the oxidation induction stacking-fault ring which appears in the single crystal side which intersects 
perpendicularly to the raising direction may make it located in 93% or more of location of the diameter of a 
single crystal. 

[0021] Since said silicon single crystal raising equipment is used according to the manufacture approach of 
the above-mentioned silicon single crystal, even if it gathers a single crystal growth rate, winding etc. is not 
produced in a single crystal, and it is R-OSF. The crystal quality within the single crystal side which 
intersects perpendicularly to the raising direction by pulling up a single crystal so that a bore may be located 
in 93% or more of location of the diameter of a single crystal can manufacture the silicon single crystal of 
the uniform diameter of macrostomia. 

[0022] Moreover, the diameter of a silicon single crystal is 300mm or more, and the silicon single crystal 
concerning this invention is characterized by the bore of the oxidation induction stacking fault which 
appears in the shape of a ring in the single crystal side which intersects perpendicularly to the raising 
direction being 93% or more of a diameter of a single crystal. According to the above-mentioned silicon 
single crystal, it also sets to the single crystal of the diameter of macrostomia, and is R-OSF to the inside 
field within the crystal face. Since it does not exist, the quality of the crystal face can produce a uniform 
silicon wafer, the manufacture yield of a device can be raised, and a cheaper silicon wafer can be offered 
[0023] 

[Embodiment of the Invention] The manufacture approach of the silicon single crystal which used the 
silicon single crystal raising equipment concerning this invention and this equipment hereafter, and the 
gestalt of operation of a silicon single crystal are explained based on a drawing. 
[0024] The silicon single crystal raising equipment concerning the gestalt of operation If the point of 
changing the bore of a heater and the ratio of height on the assumption that raising of the diameter single 
crystal of macrostomia with a diameter of 300mm or more is removed It is constituted like the conventional 
single crystal raising equipment shown in drawing 6 , and the sign same about the components which have 
the same function is attached, and the explanation is omitted, and suppose that only the part relevant to a 
heater is explained here. 

[0025] Drawing ! is the sectional view having shown typically the important section of the silicon single 
crystal raising equipment concerning the gestalt of operation. The heater 20 is arranged on the outside of 
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crucible 1 , and the bore phi of a heater 20 and the ratio (heater aspect ratio: phi/h) of height h are set or more 
to 1 .5. The maximum rate of crystal growth cannot be gathered as a heater aspect ratio is less than 1 .5, and 
R-OSF 12 ( drawing 5 ) which appears in the crystal face which intersects perpendicularly to the raising 
direction of the obtained silicon single crystal 6 is located in the inside field within the crystal face, and 
cannot obtain the uniform silicon wafer of quality. 

[0026] moreover, the approach adjustment of a heater aspect ratio adjusts the bore phi of a heater 20, the 
method of adjusting height h of a heater 20, and the method of adjusting both bore phi of a heater 20, and 
height h ~ what is necessary is for any to be sufficient and just to choose the adjustment approach suitable 
for the raising equipment of arbitration 

[0027] According to the above-mentioned silicon single crystal raising equipment, the bore phi of a heater 
20 can be relatively large compared with height h of a heater 20, and the radial temperature gradient of 
melting liquid 3 can be increased. That is, increase of a radial temperature gradient leads to the increment in 
whenever [ supercooling / of melting liquid 3 ], and can enlarge the rate of crystal growth by the increment 
in whenever [ this supercooling ]. Moreover, it is R-OSF, without causing a cost rise, since what is 
necessary is just to change the ratio of the bore phi of a heater 20, and height h compared with conventional 
equipment. The good silicon single crystal of the diameter of macrostomia which comes to the periphery 
section within the crystal face where a generating location intersects perpendicularly to the raising direction 
can be pulled up. 

[0028] Next, the manufacture approach of the silicon single crystal using the silicon single crystal raising 
equipment conceming the gestalt of the above-mentioned implementation is explained. The phase which can 
perform the manufacture approach of the silicon single crystal conceming the gestalt of operation by the 
approach explained by the term of a "Prior art" and the same approach, and forms body part 6c here is 
mainly explained. 

[0029] Seed crystal 5 is pulled up at the rate of predetermined, in order to form a silicon single crystal 6 into 
a-less rearrangement, a seed diaphragm (formation of neck 6a) is performed, shoulder section 6b into which 
a silicon single crystal 6 is grown up to a predetermined path (about 12 inches) is formed after that, and they 
are after that and R-OSF. Controlling [ pull up so that a bore may be located in 93% or more of the diameter 
of a single crystal, and ] a rate, a silicon single crystal 6 is pulled up and body part 6c is formed. If body part 
6c is raised to predetermined die length, a till diaphragm will be performed in order to separate a silicon 
single crystal 6 fi-om melting liquid 3 in the state of a non-rearrangement. Then, tiie silicon single crystal 6 
cut off from melting liquid 3 is cooled on condition that predetermined. 

[0030] It is desirable to pull up a silicon single crystal 6 in the range of 0.6 - 1 mm/min as a raising rate at 
the time of forming body part 6c. It is R-OSF when a raising rate exceeds 1 mm/min. Since the consistency 
and size of infrared scatterer which are the minute defect produced inside become large and an oxide-film 
proof-pressure property is degraded, it is not desirable. Moreover, it is R-OSF if a raising rate does not reach 
0.6 mm/min. Generate to the inside field within the crystal face, and it becomes impossible to obtain the 
uniform good siHcon wafer of quality, and is not desirable. 

[003 1] From using the siKcon single crystal raising equipment with which the bore phi of a heater 20 and the 
ratio (phi/h) of height h were set or more to 1 .5 according to the manufacture approach of the above- 
mentioned silicon single crystal By pulling up a silicon single crystal 6 so that winding etc. may not be 
produced in a silicon single crystal 6 and the bore of R-OSF 12 may be located in 93% or more of location 
of the diameter of a single crystal even if it gathers the rate of crystal growth The crystal quality within the 
single crystal side which intersects perpendicularly to the raising direction can manufacture the silicon 
single crystal of the imiform diameter of macrostomia. 

[0032] Moreover, according to the silicon single crystal 6 obtained by the manufacture approach conceming 
the gestalt of the above-mentioned implementation R-OSF produced in the crystal face which intersects 
perpendicularly to the raising direction even if a diameter is 300mm or more A bore can be made into 93% 
or more of the diameter of a crystal. It also sets to the single crystal of the diameter of macrostomia, and is 
R-OSF to the inside field within the crystal face. Without existing The quality of the crystal face can 
produce a silicon wafer with a uniform diameter of 300mm or more, the manufacture yield of a device can 
be raised, and a cheaper silicon wafer can be offered. 
[0033] 

[Working Example(s) and Comparative Example(s)] Hereafter, the manufacture approach of the silicon 
single crystal by the silicon single crystal raising equipment and this equipment conceming an example and 
a silicon single crystal are explained. The example and the example of a comparison raised the single crystal 
using that by which only the heater 20 in equipment changed the heater aspect ratio (bore phi / height h) 
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using the silicon single crystal raising equipment concerning the gestalt of the above-mentioned 

implementation. Below, raising conditions are shown. 

[0034] 

Ig»>'U3>©ttji*fi: 2 0 0Kg 

A r 092Sa : 1 0 0 >J y hJV/^ 
: 4 0 0 P a 

UL^ : 3 1 0 mm 



[0035] The bore, height, and heater aspect ratio of the heater 20 in examples 1 and 2 and the examples 1 and 
2 of a comparison are shown in the following table 1 . 



[0036] 
Table 1] 












fc - (■■) 


7 1 0 


7 10 


7 10 


7 1 0 


t - ^^<om^ inm) 


5 9 0 


5 10 


4 7 0 


4 2 0 


\L - ^ 7 hit 


1 . 2 


1 . 4 


1 . 5 


1 . 7 



[0037] For drawing 2 , a heater aspect ratio is the maximum rate of crystal growth and R-OSF. The effect 
which it has on a generating location is shown. As for the case of the examples 1 and 2 of a comparison with 
a heater aspect ratio smaller than 1.5, the maximum rate of crystal growth is small rather than the case of 
examples 1 and 2. 

[0038] Moreover, R-OSF in the examples 1 and 2 of a comparison It turns out that the generating location (it 
observes with an X-ray topogrph photograph after applying Cu to the wafer of an As grown condition, then 
heat-treating at 900 degrees C and actualizing each defective field) is generated in the inside within the 
crystal face compared with the case of examples 1 and 2. 

[0039] R-OSF which exists in the crystal face which the rate of crystal growth can be enlarged, so that a 
heater aspect ratio will be enlarged from now on, and intersects perpendicularly to the raising direction It 
turns out that a location can be moved outside. Moreover, R-OSF In order to carry out to 93% or more of the 
diameter of a crystal aiming at a generating location, it turns out that a heater aspect ratio is [ 1.5 or more ] 
required. 

[0040] Moreover, drawing 3 shows the result which pulled up with the heater aspect ratio in an example and 
the example of a comparison, and carried out simulation count by the heat-transfer-analysis program about 
the crystal edge temperature of shaft orientations. It pulls up, even if the examples 1 and 2 of a comparison 
and examples 1 and 2 change a heater aspect ratio, and there is no difference in the crystal edge temperature 
distribution over shaft orientations, and it turns out that heat-of-crystallization hysteresis (that is, 
temperature gradient about raising shaft orientations) is not changing. It means that a temperature gradient 
can increase only the rate of crystal growth, without changing even if this increases a heater aspect ratio, and 
is R-OSF. V/which determines a generating location G value is enlarged and it is R-OSF. It is shown that a 
generating location can be limited to the periphery section of the crystal face. 

[0041] R-OSF generated in the crystal face which can enlarge the rate of crystal growth and intersects 
perpendicularly to the raising direction according to the above-mentioned example by making or more into 
1.5 the aspect ratio of the heater used in the single crystal raising equipment which pulls up the silicon single 
crystal of the diameter of macrostomia The bore was able to prove the thing of the diameter of a crystal for 
which a certain silicon single crystal can be manufactured 93% or more. 
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* NOTICES * 

JPO and NCIPI are not responsible £or €my 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



la lb 









/ 


h 


/ 




/ 




/ 




/ 




20 fc-'^ 



[Drawing 2] 
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[Drawing 3 ] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 

(a) (b) 
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